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Abstract

The successful operation of large Imaging Air Cherenkov Telescopes (IACTs) has opened a new window of Astronomy by observing very high-energy (VHE) γ-rays (0.1 - 100 TeV), thus
probing the "non-thermal" high energy Universe. Impressive new results from galactic and extragalactic sources have been obtained during the past four years with the current experiments
(CANGAROO, H.E.S.S., MAGIC and VERITAS), demonstrating that the VHE γ-ray sky is much richer than expected few years ago.
The heart of an IACT is the light detection system: a camera consisting of light concentrators, photo sensors and the associated electronics. A crucial design parameter is the Photon
Detection Efficiency (PDE). The recently developed Geiger-mode Avalanche Photo Diode (G-APD) - a novel type of semiconductor photo detector - has an improved PDE of more than
a factor of two compared to photomultiplier tubes. This new device thus represents an important step forward to a substantially improved camera. We present a design study of a novel
camera using G-APD arrays, which might be installed on the refurbished small telescope (HEGRA CT3) on the MAGIC site in La Palma (Canary Islands, Spain).

Introduction

We are building a G-APD-based prototype camera. The
camera will be tested under realistic conditions inside the
refurbished HEGRA CT3 telescope (figure 1) or an equiva-
lent mount.

Figure 1: A photomontage of the refurbished HEGRA CT3
telescope with ∼13 m2 mirror area (La Palma, Canary Is-
lands, Spain).

Scientific Prospects

• Test of the first G-APD-equipped imaging camera under
realistic weather and background conditions.

• Long-term monitoring of nearby, bright blazars at very
high energies [1].

• Search for orbital modulation of the blazar emission due
to supermassive black hole binaries.

• Study the statistics of flares and their physical origin.

• Trigger follow-up observations with higher sensitivity
IACTs.

• Joint observations with the Whipple monitoring telescope
for an extended time coverage.

• Obtain multi-messenger observations together with the
IceCube neutrino detector.

G-APDs as Photodetectors for IACTs

G-APDs have several attractive features compared to con-
ventional photomultiplier tubes (PMTs) [2]:

• Higher PDE (∼ 60 %).

• Low operation voltage (< 100 V).

• Very robust (no aging due to starlight, not damaged by
daylight when under bias).

• Acceptable timing properties.

Figure 2: Typical G-APD signal after amplification (dark
noise). Horizontal scale: 10 ns/div., vertical scale:
50 mV/div..

The G-APD selected for the camera project (Hamamatsu
MPPC S10362-33-100C [3]) has a dimension of 3×3 mm2

and consists of 900 cells of 100×100 µm2 size.
Several successful tests were performed in order to evalu-
ate G-APDs as a replacement of PMTs in IACT cameras
[4, 5] (see also poster 167, this session [6]).

Camera Layout

The camera layout and design has to meet stringent re-
quirements:

• Water tight, robust and low-weight camera housing to be
protected against harsh environmental impacts.

• Modular design for easy replacement of all components.

• Shower images in the TeV-energy range have to be fully
contained. To minimize the shower leakage a FoV of 5◦ is
preferred.
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1000 GeV Proton

Figure 3: MC simulated 1000 GeV γ-ray (left) and
1000 GeV proton (right) induced showers. The red (blue)
area corresponds to a FoV of 3◦ (5◦) respectively. 2×2 G-
APDs are grouped to form a pixel (the threshold was set to
4 photons/pixel).

• Flexible trigger logic.

• Each G-APD chip will be equipped with a Winston cone
light-guide [7] to maximize the active area.
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Figure 4: Shape of the Winston cone light-guide (left) and
its efficiency for different reflectivities of the coating (right).

Baseline Design

The smallest unit is formed by one pixel (4 G-APDs):
Pixel ModuleTrigger Unit

5,89mm

6,56mm

Figure 5 : From left to right: the Hamamatsu G-APD
(MPPC S10362-33-100C [3]), layout of a pixel (2×2 G-
APDs), a unit (16 G-APDs) and a module composed of
6×6 pixels (144 G-APDs).

The camera construction will be done in three stages:

• Stage 0 : the first module will be mounted on HEGRA
CT3 to test the system and to perform measurements of
the night sky background and first cosmic ray showers.

• Stage 1 : assembly of six modules with electronics in-
tegrated in the camera housing (3◦ FoV camera). This
setup will allow for sufficient γ/hadron separation to be
able to measure the VHE γ-ray emission from the Crab
Nebula.

• Stage 2 : final design (5◦ FoV camera).

Stage 0 Stage 1 Stage 2

Figure 6 : The camera baseline design.

Readout and Data Acquisition System

• Signals of four G-APDs of a camera pixel will be linearly
added and amplified by dedicated front-end electronics.

• The analog signals will be sampled at 2 GHz in order to
provide the time resolution required for the detection of
Cherenkov light and the separation of γ-ray and hadron
induced showers.

• The Domino Ring Sampling (DRS) chip, developed at PSI
[8], will be used for the DAQ.

Figure 7 : The DRS chip without and with ceramic package.

• The DRS provides 12 analog pipelines, each of which
consists of an array of 1024 capacitive sampling cells (ar-
ranged in a ring-buffer).

• Each analog pipeline is read out at 40 MHz with an exter-
nal 12 bit flash analog-to-digital converter (FADC).

• A DRS-based DAQ was already used for the detection of
Cherenkov light with G-APDs [4, 5] (see also poster 167,
this session [6]).

• The trigger decision will be based on discriminating the
signals of each pixel and generating majority information
for the trigger units. A second level trigger will process
the majority information to produce a trigger decision.
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